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Abstract
The aim of this study was to characterize agro-pastoralists’ preferences in dromedary rearing in the Koro district of
Mali, which has experienced a decade of spontaneous development in using dromedaries for harnessed cultivation.
Five criteria for assessment of dromedary types used for traction were identified through nine focus group
discussions. The assessment criteria developed and estimated rates were the morphological characteristics (23.2%),
disease resistance (14.1%), work attitude (26.3%), colour of the coat (25.3%) and docility (11.1%). A multi-attribute
analysis method was applied with 115 dromedary owners. Conditional logit was used to estimate utility function
and willingness to pay (WTP) for different attributes. Work attitude seems to be an important parameter for
decision-making with a WTP amounting to 558.94 euros (614.94 USD). Disease resistance comes second position in
decision-making for the selection of dromedaries, with a WTP of 348.77 euros (383.40 USD). To a lesser extent, the
white coat with a WTP in the order of 54.45 euros (59.86 USD) intervenes in agro-pastoral decision-making. The
agro-pastoralists have a strong reluctance for the dark brown coat. In conclusion, the present results showed that
further studies should be conducted on materials and traction technologies to promote harnessed cultivation by
dromedaries to preserve and strengthen the multi-functional nature of the dromedary.
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Introduction
The camelid Old World (dromedaries and camels) is only
about 1% of the world population of domestic ruminants
(Faye et al. 2013). They are found in all drylands of the
world (35 million km2) (Wilson 2013) and are also found
in area of relatively high rainfall (agricultural) areas in
Russia, Iran, Turkey, northern Africa, Pakistan, and India.
However, Faye (2014) indicates that they are absent in the
southern part of the African continent. The arid regions
are excellent breeding areas, which shelter about 50% of
the global livestock. The dromedaries are multi-functional
animals with excellent abilities to adapt to difficult condi-
tions and climate change, while considerably contributing
to improved living conditions of the local populations
(Adamou 2009; Al-Juboori et al. 2013). In Mali, the live-
stock industry plays an important role in the national
economy. It represents nearly 30% of the primary sector
contribution to gross domestic product (GDP) and 9% of
the national GDP (Samaké et al. 2008). The different pe-
riods of drought (1972–1973, 1985–1985 and 2002) expe-
rienced by Mali brought awareness on one hand about the
vulnerability of traditional pastoral systems and on the
other hand to the economic, social and cultural import-
ance of dromedaries for pastoral populations in the north-
ern zone. The number of dromedaries in Mali is about 1,
008,540 heads (DNPIA 2016). The exceptional adaptation
of the dromedary to arid and semi-arid regions (Wilson
1984) led to an increasing substitution of cattle by
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dromedaries by some nomads (Traoré et al. 2014) and the
increasing introduction of the dromedary for traction in
certain areas of the Mopti region. Despite the critical im-
portance of the dromedary, development efforts in the
field of animal husbandry have been primarily directed to
cattle at the expense of small ruminants and dromedaries
(Bidjeh et al. 1991).
Certainly, the proportion of the dromedary breeding in
respect to the national needs for animal products is still
low (< 2%). However, its numerical and social import-
ance is in contrast with development and research ef-
forts dedicated to this industry. The first investigations
on dromedaries were conducted in the 1980s. Research
efforts, however, remained very limited, for instance, to
some surveys about their breeding systems and health
(Traoré et al. 2014). In Mali, the use of animal power in
agriculture continues to progress in annual crop produc-
tion systems in the semi-arid and sub-humid regions.
The widespread use of dromedaries as traction animals
in North Africa, Ethiopia, India, Pakistan and Afghanistan
(Köhler-Rollefson 2004) is poorly practised in West Africa
(Faye et al. 2013).
This study applied the technique of multi-attribute se-
lection experiment to determine the appreciation of
dromedary types by agro-pastoralists of the Koro district
in Mali. It aimed to identify different attributes of drom-
edaries as traction animals in the form of willingness to
pay (WTP) and willingness to accept compensation, in
order to better understand the logic of agro-pastoralists
and to identify the research and improvements needed
in rearing dromedaries in the southern and central re-
gions of Mali.
Study area
Koro district is located southeast of the Mopti region be-
tween 13° 38′ and 14° 50′ N latitude and 2° 00′ and 3°
25′ W latitude. It has an area of 10,937 km2 with a
population of 362,587 inhabitants (Institut National de
la Statistique, 2013). It is divided into 16 communities
and 313 villages (Fig. 1). The main ethnic groups of the
district are Dogoni, Peulhs, Mossis and Tellems. Agricul-
ture and livestock are the main economic activities of
the district. They are practised in all the different socio-
cultural layers of the population. On the agro-climatic
level, there are five main agro-ecological entities: (i) the
Gondo plain, (ii) the Sourou plain, (iii) the Séno, (iv) the
Mondoro and (v) the Dogon highlands. The vegetation
consists of woody species such as Combretum
micranthum, Balanites aegyptiaca, Tamarindus indica,
Amanithe goyances, Adansonia digitata, Prosopis afri-
cana, Sclerocar gabirrea, Boscia senegalensis, Acacia
albida and Acacia raddiana and the herbaceous spe-
cies—Schoenefeldia gracilis, Loudetia togoensis, Cenchrus
biflorus, Zornia glochidiata and Andropogon gayanus.
Agriculture covers more than 60% of the total area of Koro
district. There are no permanent water sources like rivers in
the district with the exception of some temporary pools. The
rainy season, the duration of which rarely exceeds 2months,
is characterized by low rainfall (< 700mm/year).
Materials and methods
Study design
The study was conducted in nine municipalities of Koro
district. A participatory survey (focus group discussion
(FGD)) was carried out to identify the main criteria used
by agro-pastoralists for assessing the type of dromedary
as traction animal. The results of this first phase of
inquiry identified the selection attributes and the
methods to be considered in the development of individ-
ual interview guides to assess the willingness to pay
(WTP) for the dromedary used for agricultural and
domestic work in Koro district.
Participatory survey on the criteria for selection of
traction dromedary
Focus group discussions (FGDs)
The criteria for assessing the types of dromedaries used
for traction were identified in FGDs. The degree of se-
curity and accessibility was taken into account in the
choice of municipalities and village respondents. In each
town, the precise areas of dromedary breeding concen-
tration were identified with the help of village chiefs and
livestock technical services. A total of nine FGDs were
conducted in nine dromedary breeding areas. The FGDs
involved the village heads and the technicians breeding
and responsible for each concentration of the breeding
area. In order to have an exhaustive list of these criteria,
the transect walk method allowed us to consider the dif-
ferent stakeholders of the agricultural zones. Each FGD
was composed on average of eight to nine participants.
In each FGD, the talk primarily concentrated on the selec-
tion criteria of traction dromedaries. The main criteria
listed were written and represented by symbols on
PADEX paper (Fig. 2). The proportional stacking-up
method was used to evaluate the relative importance of
each attribute and modality. During the discussions, notes
were taken and the reasons for choice and disagreements
were carefully studied through open questions.
Selection criteria and methods
In the FGDs conducted in the nine livestock concentra-
tion areas, discussions revolved around the following attri-
butes: morphological characteristics, disease resistance,
work attitude, colour of the coat and market value. The
identification of these attributes and the collection of indi-
vidual data from agro-pastoralists were carried out in the
nine communities of the Koro district. The proportional
piling was performed on the selected attributes and
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conditions. Details of the five criteria around which the
discussions focused on the completion of the interview
guide for the continuation of the study are:
1. Morphological characteristics: This feature
describes the size of the animal.
2. Disease resistance: It refers to the degree of
unresponsiveness to the dominant diseases in terms of
the frequency of the disease on average over the year.
3. Work attitude: This character appeared as a very
important trait, based on motivations for using the
dromedary as animal traction. This attribute
assesses the work attitude according to the analysis
of agro-pastoralists involved in the study.
4. Colour of the coat: Here the colour feature
describes three key colours of dromedary coat
encountered in the study area.
5. Market value: Following the models of multi-
attribute analysis, the attribute “price” was added on
the basis of data collected in the livestock markets
in the area.
Three levels were determined, namely 250,000
FCFA (419.93 USD) (~ 382 EUR), 275,000 FCFA (460.61
USD) (~ 419 EUR) and 400,000 FCFA (670.57 USD) (~
610 EUR), which represent respectively the minimum
price, the median and the third quartile corresponding
to the sale price of a dromedary on the local market dur-
ing the period of January 2018. The combination of dif-
ferent levels of these five attributes and their terms has
generated two options for 20 dromedary profiles used in
individual surveys. The first 20 profiles are option 1 and
the other 20 profiles, option 2 of the selection to be
made by the agro-pastoralist. The third option was
Fig. 1 Map showing communities surrounding the Koro district of Mali
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selected if none of the first two options was of an inter-
est for the interviewee. A copy of the selection scenario
with illustration is shown in Fig. 2.
Sampling and interviews
In the framework of this study, individual surveys directed
us to 115 agro-pastoralists throughout the Koro district.
The snowball method was used. The participants of the
FGDs (village leader, rural development technician, agro-
pastoralists) guided us to agro-pastoralists who in turn
permitted us to contact other agro-pastoralists of secured
villages. The main criteria to be met by a producer to be
included into the sample of the survey were to possess
dromedaries and be responsible for making decisions
about the use of the dromedary in agricultural and domes-
tic work. In the face-to-face interview, 20 pairs of dromed-
ary profiles were presented to each agro-pastoralist
interviewed. The interviewee was asked to choose the ani-
mal he would like to buy. The interviewee had for each
pair of profiles the possibility of rejecting it, that is to say,
to declare that neither of the two profiles of the pair was
acceptable. At the end of the interview, the interviewee’s
motivations for the selection were collected and docu-
mented along with the difficulties encountered in the
breeding industry.
Statistical analysis and assessment of WTP
The econometric analysis of the declared preferences
was performed with the R software (R3.0.1, survival
package, package support.CEs) (Aizaki 2012). The as-
sessment of the utility coefficients was done using the
conditional logit model. The conditional logit model is
based on the random utility model which, according to
Fig. 2 Example of peer choice scenario
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Louvière et al. (2010), is divided into two parts: one sys-
tematic, Vin, and the other random, εin. Formally, the
utility function is written:
Uin ¼ V in þ εin ð1Þ
with Uin the utility of the individual n for scenario i,
Vin the systematic component of utility and εin the un-
observable component of utility, considered as a random
component.
The probability of selection of one of these dromedary
profiles i is:
Pr  i is chosenf g ¼ Pr Vni þ εni≥Vnj þ εnj; for allj∈Ci
  
ð2Þ
This is where all of the breeder’s choice for n (Cn =
{1, 2, 3}), choose 3 = “No choice”. For each individual
n, the utility provided by the choice of scenario i is
of the form.
With αi the constant specific to the scenario i (Con)
and βk the coefficients to be estimated for the k attri-
butes whose values in the scenario i are represented by
the xik.
The consent to pay corresponds to a monetary conver-
sion utility coefficient of the level of each attribute, ac-
cording to the method described by Tada et al. (2013).
The consent to pay for a level I of an attribute k is calcu-
lated as follows:
WTPkl = − βk1/β €, with βk1 as previously defined and
β € being the coefficient of utility of the monetary unit
(EUR).
Results
Criteria for appraising the auxiliary dromedary in
agriculture
The identification of attributes and modalities was a very
important step in the design of different choice options.
From the nine FGDs, five appreciation attributes of the
dromedary types used for traction have been identified
(Table 1). These attributes were morphological charac-
teristics, disease resistance, work attitude, colour of the
coat and docility, respectively with 23.2%, 14.1%, 26.3%,
25.3% and 11.1% average proportional stacking score.
The design used for the declared preference survey was
developed from the four attributes with the following
terms: morphological characteristics (large or small), dis-
ease resistance (yes or no), work attitude (very good,
good or average) and colour of the coat (white, brown or
dark brown). The docility criterion present in the results
of seven working groups was excluded for two reasons.
Firstly, this character is indirectly expressed with the
character of work attitude. Certainly, during individual
interviews, agro-pastoralists linked performance to docil-
ity; a docile animal is very efficient and easy to use, espe-
cially since the work is mainly carried out by children
and women. The other reason is to have a less complex
and restrictive survey system for respondents (Bateman
et al. 2003; Louvière et al. 2010).
WTP for agro-pastoralists’ auxiliary dromedary of
agriculture
The survey for data collection of multi-attribute ana-
lysis involved 115 agro-pastoralists. The different utility
coefficients are shown in Table 2. A reference level was
defined for each attribute, so the coefficients of the
other levels represent the value obtained by a change of
reference level at the level examined. The utility coeffi-
cient of the monetary unit is negative (− 0.00714) and
significant (p < 0.001). Regarding the colour of the coat,
white was very popular and highly significant (p <
0.001). The dark brown coat dromedary was less
appreciated compared to the other two colours (white
and brown). Its utility coefficient was negative but
statistically very significant. The appreciation of the
large body size was negative and statistically significant.
Marginal utility was positive but not significant for
work attitude (very good and good) as well as for
disease resistance (Table 3). The results concerning the
various WTP in euros were, amongst others, large
format (− 58.63) (64.45 USD) with a 97.5% confidence
interval (CI) of [− 113.78, − 3.26] (125.08, 3.58), resist-
ant to diseases (348.77) (383.40 USD) with a CI [256.93,
487.77] (282.44, 536.21), very good at work attitude
(558.94) (558.94 USD) with a 97.5% CI of [418.25,
805.51] (459.78, 885.50), good at work attitude
(222.09) (244,14 USD) with 97.5% CI of [137.63,
355.78] (151.30, 391.11), the white coat (54.45) (59.86)
Table 1 Proportional stacking on the criteria of agricultural dromedaries in nine FGDs of agro-pastoralists in the Koro district of Mali
Criteria Quote rate (%) Proportional stack score (%) Average Min Max
Morphological characteristics 100 23.2 23 8 41
Work attitude 100 26.3 27 15 50
Colour of the coat 100 25.3 25 10 47
Docility 85 11.1 13 0 30
Disease resistance 100 14.1 14 5 27
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with 97.5% CI of [− 26.42, 143.01] (29.04, 157.21) and
the dark brown coat (− 90.012) (98.95 USD) with a
97.5% CI of [− 179.19, − 27.22] (196.98, 29.92).
Work attitude seems to be an important parameter for
decision-making, and it is the most important parameter
with a WTP amounting to 558.94 euros (614.44 USD).
The value of this single character corresponds to 92% of
the highest purchase price of the dromedary used in the
protocol of the multi-attribute analysis. Disease resistance
comes second in decision-making for the selection of
dromedaries, its WTP reaching 348.77 euros (383.40
USD) being more than half the price of an adult dromed-
ary. To a lesser extent, the white colour of the coat with a
WTP of the order of 54.45 euros (54.45 USD) intervenes
in the decision-making of agro-pastoralists.
Discussion
Methodology
This study was conducted on a sample of 115 agro-
pastoralists. Omondi et al. (2008) indicated that for
such kind of study, a minimum sample size of 100 re-
spondents is required. The coefficient associated with
the constant obtained in the conditional logit has a
positive and insignificant value, hence the relevance
of the reference profile. Accordingly, there is no bias
in the reference and the results are not compromised
as indicated by Scott (2001). Different selection cri-
teria of dromedaries included in the stated preference
protocol were identified from a participatory process,
investigations using FGDs, and are proportional pil-
ing. Taking into account the point of view of agro-
pastoralists is essential for the promotion of owner-
ship and sustainability of an animal genetic resources
management programme (Hamadou et al. 2016).
Similar approaches have been advocated by other au-
thors to define the selection targets and the preferred
characteristics of the sheep race Koundoum in Niger
(Hamadou et al. 2016), local goats in Ethiopia (Geb-
reyesus et al. 2013) and to characterize the Simien
sheep in Ethiopia (Melaku et al. 2012).
In the present study, the interviewee had the possibility
for each pair of profiles to opt out or to choose the zero
option, meaning to declare none of the profiles acceptable.
When the products are very similar, sometimes the con-
sumer selects none. The reason for such behaviour is un-
certainty in the choice of products (Ohannessian 2008).
Thus, the consumer prefers not to select products until he
is sure of his choice. At the end of this exercise, through a
discussion session, the motivations and the perceptions of
the interviewee about the non-choice can be enlightened.
Table 2 Utility coefficients and WTP estimated for dromedary attributes in the Koro district of Mali
Attribute Marginal utility WTP (EUR) CI 97.5% (EUR)
Morphological characteristics 0.78 ± 0.22 109.84 (120.75) [54.57, 172.07] (59.99, 189.16)
Disease resistance − 2.09 ± 0.18 − 293.81 (322,99) [− 432.41, − 216.16] (− 475.35, − 237.62)
Work attitude − 1.97 ± 0.14 − 275.70 (303.08) [− 407.14, − 205.78] (− 475.57, − 226.21)
Colour of the coat 0.23 ± 0.11 32.50 (35.73) [2.44, 72.55] (2.68, 79.75)
Price − 0.00714 ± 0.0012 –
WTP willingness to pay, CI confidence interval
Table 3 Utility coefficients and WTP estimated for dromedary attribute levels in the Koro district of Mali
Attribute Levels Marginal utility WTP (EUR) CI 97.5% (EUR)
Morphological characteristics Large − 0.47 ± 0.23** − 58.63 (64.45) [− 113.78, − 3.26] (125.08, 3.58)
Small 0 – –
Disease resistance Yes 2.77 ± 0.25ns 342.77 (376.81) [256.93, 487.77] (282.44, 536.21)
No 0 – –
Work attitude Very good 4.52 ± 0.35ns 558.94 (614.44) [418.25, 805.51] (459.78, 885.50)
Good 1.79 ± 0.29ns 222.09 (244.14) [137.63, 355.78] (151.30, 391.11)
Average 0 – –
Colour of the coat Dark brown − 0.73 ± 0.25** − 90.012 (− 98.95) [− 179.19, − 27.22] (− 196.98, − 29.92)
Brown 0 – –
White 0.44 ± 0.33*** 54.45 (59.86) [− 26.42, 143.01] (− 29.04, 157.21)
Price – − 0.0081 ± 0.0013** – –
WTP willingness to pay, CI confidence interval
***p ≤ 0.001, **p ≤ 0.01, nsnot significant at p > 0.05
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Criteria for the assessment of the agricultural dromedary
auxiliary
To better understand the logic of use and choice of the
genetic type of dromedaries for agricultural and domestic
work, it is necessary to understand the choice preferences
of agro-pastoralists concerning their breeding decisions of
dromedories. Several authors (Jabbar et al., 1999; Tada
et al. 2013; Bayou et al. 2014) have mentioned the need to
understand the preferences of pastoralists in relation to
their livestock rearing decisions. The use of a multi-
attribute choice experiment method allows valuation of
the preferences of farmers, expressed as WTP or receive
compensation for different levels of dromedary character-
istics proposed for animal traction. In fact, the experience
of selection makes it possible to determine individual pref-
erences by submitting several virtual choice tasks to the
interviewees (Hanley et al. 1998; Mangham et al. 2009).
Particularly in developing countries, the preferred ex-
perimental methods of choice have been used exten-
sively to estimate WTP or receive compensation, from
interviewees for genetic zoo resources in various pro-
grammes of animal improvement and selection of ani-
mals in breeding (Zander et al. 2008; Tada et al. 2013).
The four selection criteria in our study, namely morpho-
logical characteristics, disease resistance, work attitude
(work performance) and colour of the coat, included in
the survey protocol of this study are extracted from the
results of the nine FGDs.
According to Kugonza et al. (2012), morphological char-
acteristics and colour of the coat are classic criteria in
traditional reproduction systems. The same considerations
were cited for Koundoum sheep in Niger (Hamadou et al.
2016). The interest given to the criterion of colour of the
coat seems to be based on socio-cultural aspects. The
colour of the coat represents the most influential trait
after the “performance” criterion of work attitude.
Work attitude is very important for Koro agro-
pastoralists. Animal traction is a major innovation to
support the development of agricultural crops, whilst
helping to increase labour productivity and stimulate
synergies between agriculture and livestock (Le thiec,
1996). The disease resistance criterion responds to one
of the major concerns of livestock farmers, namely man-
agement of animal health, especially in this context char-
acterized by the insufficiency of local veterinary health
services and the lack of control of dromedary diseases.
Similarly, Ouologuem et al. (2016) indicated the
inaccessibility of veterinarians as limiting factors for
livestock farmers in Mali. This may explain why agro-
pastoralists are more willing to use disease-resistant
animals. In order to preserve and reinforce the multi-
functional character of the dromedary, it is necessary to
carry out investigations on the farmer preferences for
selection of the genetic dromedary type.
Analysis of declared choices and WTP
The appreciation of the traction dromedary is based on
parameters of production, functionality and aesthetics.
In traditional breeding systems, the multi-functional
character is very typical (Ayalew et al. 2003). The selec-
tion criteria are based not only on productivity but also
on the ability to resist diseases and also based on the
colour of the coat (Röhler-Roolefson 1997). Neverthe-
less, depending on the farmers’ breeding objectives,
there are different levels of appreciation regarding pref-
erences. In this study, work attitude is the most valued
attribute, with a WTP amounting to 558.94 euros, corre-
sponding to approximately 92% of the highest purchase
price considered. As a result, work attitude seems to be
the most important parameter for decision-making. The
great importance given to work attitude explains the
spontaneous development of the dromedary-coupled
cultivation in the Koro region. The dromedary has a
higher traction capacity than other domestic animals
and is notably more powerful, faster and more resistant
than a pair of oxen (Vall 1996).
Definitely, the Koro district has experienced a spon-
taneous development for a decade in using dromedaries
for harnessed cultivation. The socio-political crisis af-
fecting Mali, especially in the northern part of the coun-
try, seems to be a factor favouring the increase of
dromedary numbers in the Mopti region in general and
in the Koro and Bankass districts in particular. The use
of dromedary traction is provoking a certain craze
amongst many farmers for dromedary breeding in the
Koro district. In both districts, many farmers have been
raising dromedaries for about 10 years; they also use
them as traction animals.
Over time, there are gradually increasing trends in chan-
ging species herd composition. This pattern has been at
the centre of dromedary breeding efforts in the central
and southern part of Mali. Currently, the dromedary is
omnipresent in various agricultural and domestic work ac-
tivities in the district of Koro. Dromedaries are replacing
cattle and donkeys usually used for the same types of
work, especially dromedaries are less demanding in main-
tenance and more efficient in the execution of field work.
In addition, they provide a source of revenue through ser-
vices and transport of people and goods.
For about 10 years, new dynamics have become estab-
lished in using dromedaries for cultivation and transport
in the district of Koro and surroundings. The dromedary
plays an increasingly important role in animal traction
for the farmers of Koro. The preference for disease re-
sistance is far from being a peculiarity; it indicates the
strong influence of this criterion in the decision-making
of agro-pastoralists. The stake is high because dromed-
ary diseases are less known and less controlled in Mali.
Preference for disease resistance is very common, as
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evidenced by results for sheep in Kenya (Omondi et al.
2008), pigs in Vietnam (Roessler et al. 2008) and cattle
in Burkina Faso and Kenya (Tano et al. 2003; Kassie
et al. 2011).
A priori, the colour of the coat does not have an impact
on the productivity of the animals. This trait rather gives a
cultural and aesthetic value not to be underestimated; al-
though traditionally neglected, all the dark brown drom-
edaries are as powerful as the white or brown ones.
According to the present study, some agro-pastoralists
emphasize that the white or brown coat dromedaries have
higher market value than dark brown coat ones of similar
size. Other authors have described that in Africa, trad-
itional beliefs commonly associate animal colours with re-
lated factors such as benefits of consumption or sacrifice
(Kugonz et al. 2012; Dossa et al. 2015). In addition, the
relative importance of coat colour is a widespread factor
in purchasing decisions of various farm animal species, as
indicated for cattle in Niger (Siddo et al. 2015) or sheep in
Niger (Hamadou et al. 2016) and in Ethiopia (Tadesse
et al. 2015).
Conclusion
This study used the multi-attribute choice experiment
technique to determine the appreciation of dromedary
types for traction by agro-pastoralists in the Koro district
of Mali. The use of stated preference method is not yet
sufficiently developed in Mali, concerning dromedary
breeding. The results obtained can contribute to a better
understanding of the logic of agro-pastoralists and as a
reference for research and improvement of dromedary
rearing in Mali. Work attitude and disease resistance are
important decision-making criteria in the selection of
dromedaries. The results strongly indicated a negative
attitude of the agro-pastoralists for the dark brown coat.
Further studies should be conducted on materials and
traction technologies to promote harnessed cultivation
dromedary, to preserve and strengthen the multi-
functional nature of the dromedary.
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